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Copyright Statement 

Martens & Associates Pty Ltd (Publisher) is the owner of the copyright subsisting in this publication.   Other than as 

permitted by the Copyright Act and as outlined in the Terms of Engagement, no part of this report may be reprinted 

or reproduced or used in any form, copied or transmitted, by any electronic, mechanical, or by other means, now 

known or hereafter invented (including microcopying, photocopying, recording, recording tape or through 

electronic information storage and retrieval systems or otherwise), without the prior written permission of Martens & 

Associates Pty Ltd.   Legal action will be taken against any breach of its copyright.   This report is available only as 

book form unless specifically distributed by Martens & Associates in electronic form.   No part of it is authorised to be 

copied, sold, distributed or offered in any other form. 

The document may only be used for the purposes for which it was commissioned.   Unauthorised use of this 

document in any form whatsoever is prohibited.  Martens & Associates Pty Ltd assumes no responsibility where the 

document is used for purposes other than those for which it was commissioned. 

Limitations Statement 

The sole purpose of this report and the associated services performed by Martens & Associates Pty Ltd is to complete 

a Supplementary Geotechnical Investigation in accordance with the scope of services set out in the contract / 

quotation between Martens & Associates Pty Ltd and SINSW c/- Fulton Trotter Architects (hereafter known as the 

Client).   That scope of works and services were defined by the requests of the Client, by the time and budgetary 

constraints imposed by the Client, and by the availability of access to the site. 

Martens & Associates Pty Ltd derived the data in this report primarily from a number of sources which may include for 

example site inspections, correspondence regarding the proposal, examination of records in the public domain, 

interviews with individuals with information about the site or the project, and field explorations conducted on the 

dates indicated.   The passage of time, manifestation of latent conditions or impacts of future events may require 

further examination / exploration of the site and subsequent data analyses, together with a re-evaluation of the 

findings, observations and conclusions expressed in this report. 

In preparing this report, Martens & Associates Pty Ltd may have relied upon and presumed accurate certain 

information (or absence thereof) relative to the site.   Except as otherwise stated in the report, Martens & Associates 

Pty Ltd has not attempted to verify the accuracy of completeness of any such information (including for example 

survey data supplied by others). 

The findings, observations and conclusions expressed by Martens & Associates Pty Ltd in this report are not, and 

should not be considered an opinion concerning the completeness and accuracy of information supplied by others.   

No warranty or guarantee, whether express or implied, is made with respect to the data reported or to the findings, 

observations and conclusions expressed in this report.   Further, such data, findings and conclusions are based solely 

upon site conditions, information and drawings supplied by the Client etc.  in existence at the time of the 

investigation. 

This report has been prepared on behalf of and for the exclusive use of the Client, and is subject to and issued in 

connection with the provisions of the agreement between Martens & Associates Pty Ltd and the Client.   Martens & 

Associates Pty Ltd accepts no liability or responsibility whatsoever for or in respect of any use of or reliance upon this 

report by any third party. 
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1 Proposed Development and Investigation Scope 

Table 1 summarises proposed development details and investigation 

scope. 

Table 1: Summary of proposed development details and investigation scope. 

Item Details 

Property 

address 
Cronulla High School, Captain Cook Drive, Cronulla, NSW (the site). 

Lot/DP Lot 1 in DP815804 (Landpartners, 2020) 

LGA Sutherland Shire Council (‘Council’) 

Proposed 

development 

We understand from the proposal plans (FTA, 2022; FTA, 2021a and 2021b, refer 

Attachment B) that the development will include: 

o Construction of two new double storey buildings (i.e. Buildings L & M) in 

the southern and western portions of the site with finished floor level of 

approximately 5.45 mAHD.  Limited excavation or filling (i.e. less than 1 m) 

will be required as part of construction of the proposed development 

(Cardno, 2022, refer Attachment C).  

o Internal alteration and additions to Building D. 

o Relocation of Building I to the northeast of Building L. 

o Construction of a new carpark in the north western portion of the site. 

o Construction of an onsite stormwater detention (OSD) tank beneath the 

new carpark in the west of Building L with bulk excavation level of 3.6 

mAHD (Cardno, 2022).  Bulk excavation up to approximately 2.0 m below 

ground level (mbgl) will likely be required for OSD basin construction. 

Assessment 

purpose 

The purpose of this supplementary geotechnical assessment to support a 

Development Application (DA) as well as assist structural design of already 

approved development associated with Cronulla high school redevelopment. 

Investigation 

scope of 

work  

Initial geotechnical related field investigations conducted on 22 and 23 May 

2021 included: 

o Review of DBYD survey plans and buried service locating on site. 

o General site walkover to review local geology, soil exposures, surface 

hydrology, topography and drainage at the site. 

o Drilling of ten boreholes (BH101 to BH110) up to 10.0 mbgl via solid flight 

auger.   

o Collection of soil samples for laboratory testing and future reference. 

o Ten dynamic cone penetrometer (DCP) tests (DCP101 to DCP110) up to 

7.1 mbgl.   

o Measurement of groundwater table in existing monitoring wells (MW01 to 

MW04) located across the site. 

Supplementary geotechnical field investigation conducted between 6 and 7 

July 2022 included: 

o Four Cone Penetration Tests (CPT-01 to CPT-04) in the vicinity of Building M 

up to 9.91 m below ground level (mbgl).  

o Three Cone Penetration Tests (CPT-05 to CPT-07) in the vicinity of Building L 
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Item Details 

up to 14.86 mbgl.  

Investigation locations are shown on Map 01, Attachment A. Refer Attachment E 

for borehole logs and explanatory notes in Attachment K. CPT logs are presented 

in Attachment F.  For DCP test results, refer Attachment G.   

Laboratory 

testing 

Laboratory testing carried out by National Association of Testing Authorities 

(NATA) accredited laboratories included: 

o CBR (California Bearing Ratio) testing on two bulk soil samples and particle 

size distribution (PSD) testing on six soil samples by Resource Laboratories.   

o sPOCAS analysis on fourteen soil samples and Aggressivity testing (ph, EC, 

SO4, Cl, resistivity) on twenty soil samples by Envirolab Services. 

Laboratory test certificates are provided in Attachment I. 



 

 

martens 
 

Supplementary Geotechnical Investigation: 

Cronulla High School, Captain Cook Drive, Cronulla, NSW 

P2108205JR03V01 - August 2022 

 Page 8 

 

2 General Site Details and Subsurface Conditions 

2.1 General Site Details 

General site details are summarised in Table 2.   

Table 2: Summary of general site details based on desktop review and site walkover. 

Item Comment 

Topography  Level to undulating disturbed terrain, immediately to the southeast of 

Woolooware Warden Lagoon, approximately 570 m northwest of Bate Bay. 

Typical 

Slopes, 

Aspect, 

Elevation 

Site elevation ranges between approximately 2.0 mAHD (south western 

portion) and 6.0 mAHD (south eastern portion) (Landpartners, 2020). 

The site has a north / north westerly aspect with an overall grade of less than 

5% except along the north and north western site boundary where the slopes 

are approximately between 15 – 25 %.   

Expected 

geology 

The site is mapped as being underlain by Quaternary deposits, consisting of 

medium to fine marine quartz sand with podsols (Wollongong - Port Hacking 

1:100 000 Geological Sheet 9029-9129, 1st edition). 

Expected soil 

landscape 

The NSW Office of Environment and Heritage’s (OEH) information system 

(eSPADE) indicates the site to be located in the Disturbed Terrain soil 

landscape consisting of landfill comprising soil, rock, building and waste 

materials. Dependent on the nature of fill material this soil landscape often 

associated with mass movement hazard, unconsolidated low wet strength 

materials, impermeable soil, poor drainage and toxic materials. 

Existing site 

description 

At the time of the geotechnical investigation, the site consisted of: 

o Cronulla High School, including multiple school buildings, teaching 

and sport facilities, on-grade parking, vegetation, and fields. 

o Asphalt paved carpark at western portion and concrete paved 

surface within the school vicinity area. 

Drainage Drainage of the site is via overland flow and internal school stormwater 

network towards the Council stormwater system in Captain Cook Drive. 

Neighbouring 

environment 

The site is bounded by low to medium density residential properties to the 

west and south, and public recreational facilities to the north and east.    

The investigation area is surrounded by: 

o Bate Bay Road and Elouera Road to the west. 

o Captain Cook Drive to the north. 

o Commercial and residential buildings to the west. 

o Sports oval to the north east corner of the site. 

2.2 Subsurface Conditions 

Based on our investigations (borehole, CPT and DCP testing) 

undertaken at the site, the following generalised subsurface units 

underlie the site below ground surface level: 

Unit A: Poorly to moderately compacted fill comprising silty sand 

/ gravelly sand encountered in the north western portion 
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of the site, up to between approximately 0.4 mbgl (BH102) 

and 1.3 mbgl (BH105).  Fill depth increases to at least 3.7 

mbgl (BH110) towards the southwestern end of the site.  Fill 

is inferred to have been placed under uncontrolled 

conditions possibly for previous landscaping and / or 

levelling purposes. 

Unit B: Topsoil comprising loose silty sand was encountered in the 

vegetated area along the northwestern portion of the site 

(BH108), up to approximately depth of 0.3 mbgl. 

Unit C: Aeolian / marine deposits comprising: 

Unit C1: Generally loose sand / silty sand with 

interbedded loose to medium dense and 

medium dense layers encountered up to 

between approximately 2.4 m (BH103) and 4.8 

mbgl (CPT02, CPT03, CPT05 and CPT07) across 

the site. 

Unit C2: Medium dense sand encountered up to 

approximately 6.2 mbgl (CPT05).  

Unit C3: Dense grading to very dense sand at some 

locations, with interbedded loose layers 

encountered up to maximum CPT investigation 

termination depth of 14.86 mbgl. 

A summary of the subsurface units encountered at CPT locations and in 

all boreholes is presented in Tables D1 and D2, Attachment D.  
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3 Hydrogeological Assessment 

3.1 Mapping 

A search of the Bureau of Meteorology groundwater bore database 

indicates that no groundwater bores with available groundwater data 

are located within 200 m of the site.   

3.2 Existing Well Information 

Four existing groundwater wells (MW01 to MW04) were identified during 

initial site investigations adjacent to Building M in the south eastern 

portion of the site.  Well depths and standing groundwater level 

measurements are summarised in Table 3.   MW04 was not accessible 

during the time of investigations.  Well construction details (i.e.  screen / 

casing depths) could not be determined and no information has been 

provided to MA with regards to when or how the groundwater wells 

were installed. 

Table 3: Existing Groundwater Well details. 

Well ID Total Depth of Well (mbgl) Depth to Water 1 (mbgl) 
Approximate Depth to 

Water (mAHD) 

MW01 6.60 4.60 0.69 

MW02 6.20 4.30 1.10 

MW03 6.00 4.21 1.14 

MW04 N/A 2 N/A 2 N/A 2 

Notes: 

1. Recorded 23 May 2021. 

2. N/A – access to groundwater well was not available during inspection. 

3. Based in an assumed surface levels from site survey (Landpartners, 2020). 

We note that prior to the supplementary investigation, the driveway to 

the east of Building M had been recently resurfaced and the wells 

documented in Table 1 above had been lost. 

3.3 Groundwater Observations During Intrusive Testing 

Groundwater was encountered during all CPT probing and drilling of all 

boreholes except for BH110.  A summary of groundwater inflow level 

observed during CPT probing and drilling of boreholes is provided in 

Table 4. 
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Table 4: Summary of groundwater levels observed during borehole drilling.   

Location Geology 

Surface 

Level 

(mAHD) 1 

Depth of 

Groundwater 

(mbgl) 

Groundwater 

Level (mAHD) 
Date 

CPT01 Quaternary 5.40 3.50 1.90 06.07.2022 

CPT02 Quaternary 5.20 3.40 1.80 06.07.2022 

CPT03 Quaternary 5.30 3.40 1.90 06.07.2022 

CPT04 Quaternary 5.20 3.40 1.80 06.07.2022 

CPT05 Quaternary 5.50 3.70 1.80 07.07.2022 

CPT06 Quaternary 5.30 3.40 1.90 07.07.2022 

CPT07 Quaternary 5.20 3.40 1.80 07.07.2022 

BH101 Quaternary 5.32 5.00 0.32 22.05.2021 

BH102 Quaternary 5.40 5.50 -0.10 22.05.2021 

BH103 Quaternary 5.12 4.50 0.61 22.05.2021 

BH104 Quaternary 5.43 4.50 0.93 22.05.2021 

BH105 Quaternary 5.20 4.20 1.00 23.05.2021 

BH106 Quaternary 5.29 2.10 3.19 23.05.2021 

BH107 Quaternary 5.29 3.50 1.79 23.05.2021 

BH108 Quaternary 2.41 1.50 0.91 23.05.2021 

BH109 Quaternary 2.83 2.60 0.23 23.05.2021 

Notes: 

1. Based on Landpartners, 2020. 

3.4 Groundwater Discussions 

Based on our observation of groundwater inflow we conclude the 

following: 

 

o Groundwater was encountered between approximately 3.2 

mAHD and -0.10 mAHD. Based on our observation of 

groundwater levels, a design groundwater level of 3.2 mAHD has 

been adopted for the purpose of this report. 

 

o Groundwater is expected to flow variably in the northeast, north 

and northwest directions towards the Woolooware Bay, however 

a triangulated groundwater well network and monitoring would 

be required to confirm this. 
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o Excavations up to 3.6 mAHD for the OSD tank is unlikely to 

intercept the permanent groundwater table at 3.2 mAHD.  

However, groundwater level may vary in the long term 

depending on seasonal / climate conditions and variations in 

lagoon water levels. 
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4 Acid Sulfate Soils Assessment 

4.1 Preliminary Assessment 

4.1.1 ASS Risk Map 

The Sutherland Shire LEP (2015) ASS map indicates that the site is 

mapped as Class 4 ASS risk.   Site location relating to ASS risk is 

presented in Figure 1.   The Sutherland Shire LEP (2015) states that works 

on Class 4 land being undertaken at a depth greater than 2 mbgl, or 

which are likely to lower the water table by more than 2 mbgl, may 

require a management plan or preliminary assessment prior to 

development consent. 

 

  
Figure 1: Sutherland Shire LEP, 2015, showing site location relative to risk classes. 

4.1.2 Geomorphic Setting 

Geomorphic parameters for the site which may indicate ASS presence 

are listed in Table 5 as derived from ASSMAC (1998). 

Indicative site location 
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Table 5:  Site geomorphic features. 

Geomorphic Feature Present on site? 

Holocene sediments Possible 

Soil horizons less than 5 m AHD Yes  

Marine / estuarine sediments or tidal lakes Yes 

Coastal wetland; backwater swamps; waterlogged or scalded areas; inter-

dune swales or coastal sand dunes (i.e.  deep excavation is required) 
No 

Dominant vegetation of mangroves, reeds, rushes and other swamp or marine 

tolerant species. 
Not currently 

Geologies containing sulfide bearing material / coal deposits or former marine 

shales/sediments 
No 

Deep older (Holocene or Pleistocene) estuarine sediments Possible 

The geomorphic setting of the site indicates that there is a likelihood of 

ASS presence, as four of the listed geomorphic features are present or 

possibly present. 

Subsequently, preliminary laboratory testing of soil samples was 

undertaken to assess ASS risk for the site. 

4.2 sPOCAS Assessment 

4.2.1 Results 

A summary of ASS sPOCAS test results is provided in Attachment H, with 

the laboratory certificates provided in Attachment I.   

Based on the pHKCL and post peroxide oxidation pHOX criteria derived 

from the ASSMAC (1998) guidelines: 

o Soils with a pHKCL of < 4.0 are classified as actual ASS (AASS). 

o Soils with pHKCL - pHox > 1 are classified as potential ASS (PASS). 

o Soils with pHox < 3.5 are classified as PASS. 

On the basis of these criteria, out of the fourteen tested samples, none 

are classified as AASS and five are preliminarily classified as PASS (refer 

Attachment H). 

4.2.2 Action Criteria 

According to Table 4.4 of ASSMAC (1998), a detailed management 

plan is required if the soil exhibits one of the following criteria (for <1,000 

tonnes disturbed soil): 
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o Oxidisable sulphur (SPOS) is ≥ 0.03%; or  

o TPA or TSA is ≥18 mol H+/tonne. 

On the basis of these action criteria none of the samples exceed the 

criteria based on either Spos, TPA and / or TSA. 

4.3 Discussion and Recommendations 

Laboratory test results indicate that none of the tested soil samples 

exceed the action criteria for the acid trail.  Therefore, excavation in 

the proposed development areas will not require preparation of a 

management plan to address risk associated with ASS and potential 

acid generation. 
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5 Geotechnical Assessment 

5.1 Laboratory Test Results 

5.1.1 California Bearing Ratio (CBR) Testing 

Laboratory CBR tests with standard compaction, were carried out on 2 

bulk soil samples.  CBR test results are summarised in Table 6. 

Table 6: CBR test results. 

Borehole 

Number 
Depth (mbgl) Soil Type CBR Value (%) 

BH109 0.2 – 0.7 SAND, with Silt (FILL) 19 

BH110 1.0 – 1.5 SAND, with Silt (FILL) 17 

5.1.2 Particle Size Distribution (PSD) Testing 

Laboratory PSD tests were carried out on 6 soil samples to determine soil 

grading.   The test results are provided in Attachment I, and summarised 

in Table 7.  Note that detailed hydrometer analysis was not performed 

in samples where the total content of fine soils (silt and clay) was less 

than 10%. 

Table 7: PSD test results. 

BH ID Depth (mbgl) 
Gravel content 

(%) 

Sand content 

(%) 

Silt / Clay content 

(%) 

BH101 1.3 – 1.4 2 96 2 

BH105 
1.0 – 1.1 2 93 5 

2.5 – 2.6 0 100 0 

BH108 1.0 – 1.1 0 98 2 

BH110 
3.0 – 3.1 5 90 5 

1.5 – 1.6 8 88 4 

5.1.3 Soil Aggressivity Testing 

Laboratory soil aggressivity testing was carried out on twenty soil 
samples to evaluate exposure classification for concrete and steel.   
Test results for exposure classification are summarised in Table 8.  A 
laboratory test certificate is presented in Attachment I. 
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Table 8: Exposure classification test results. 

Sample ID1 
ECe 

(dS/m) 
2, 6 

pH 
Chloride 

(Cl) 

(mg/kg) 

Sulphate 

(SO4) 

(mg/kg) 

Resistivity 

(Ohm m) 

Exposure Classification 

AS 2159 3 AS 2159 4 AS 3600 5 

8205/BH101/0.5-0.6 1.7 9.6 <10 45 98 
Non-

aggressive 

Non-

aggressive 
A1 

8205/BH101/1.0-1.1 2.55 8.6 23 59 68 
Non-

aggressive  

Non-

aggressive  
A1 

8205/BH101/1.5-1.6 3.74 9.4 28 130 45 
Non-

aggressive 

Non-

aggressive 
A1 

8205/BH101/2.5-2.6 0.255 8.0 <10 <10 650 
Non-

aggressive 

Non-

aggressive 
A1 

8205/BH101/4.0-4.1 0.544 8.0 10 
25 

 

310 
Non-

aggressive  

Non-

aggressive  
A1 

8205/BH102/0.5-0.6 0.119 6.1 <10 <10 1400 
Non-

aggressive  

Non-

aggressive  
A1 

8205/BH102/1.5-1.6 0.288 6.6 <10 10 700 
Non-

aggressive 

Non-

aggressive 
A1 

8205/BH102/2.3-2.4 0.561 6.3 <10 21 300 
Non-

aggressive 

Non-

aggressive 
A1 

8205/BH102/4.0-4.1 0.238 6.7 <10 10 690 
Non-

aggressive  

Non-

aggressive  
A1 

8205/BH102/5.5-5.6 0.17 7.4 10 10 970 Mild 
Non-

aggressive 
A2 

8205/BH103/0.1-0.2 0.459 6.7 <10 <10 370 
Non-

aggressive  

Non-

aggressive  
A1 

8205/BH103/1.0-1.1 0.561 7.0 <10 <10 310 
Non-

aggressive 

Non-

aggressive 
A1 

8205/BH103/2.0-2.1 0.527 6.7 10 <10 330 
Non-

aggressive 

Non-

aggressive 
A1 

8205/BH103/4.0-4.1 0.272 6.8 <10 <10 630 
Non-

aggressive  

Non-

aggressive  
A1 

8205/BH103/5.5-5.6 0.187 7.6 <10 <10 940 Mild 
Non-

aggressive 
A2 

8205/BH106/0.5-0.6 1.462 9.9 20 42 120 
Non-

aggressive  

Non-

aggressive  
A1 

8205/BH106/1.0-1.1 0.51 8.2 <10 <10 330 
Non-

aggressive 

Non-

aggressive 
A1 

8205/BH106/2.0-2.1 0.629 8.4 <10 10 270 
Non-

aggressive 

Non-

aggressive 
A1 

8205/BH106/4.0-4.1 0.136 7.6 <10 <10 1200 Mild 
Non-

aggressive  
A2 

8205/BH106/5.5-5.6 0.187 7.8 <10 <10 930 Mild 
Non-

aggressive 
A2 
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Notes: 

1. Project#/Borehole#/Depth (mbgl). 

2. Based on EC to ECe multiplication factors from Table 6.1 in Site Investigations for Urban Salinity 

(2002) guidelines.  A multiplication factor of 17 was adopted for sand.   

3. Exposure classification for concrete piles in soil based on Table 6.4.2(C) of AS 2159 (2009). 

4. Exposure classification for steel piles in soil based on Table 6.5.2(C) of AS 2159 (2009). 

5. Exposure classification for buried reinforced concrete based on Tables 4.8.1 and 4.8.2 of AS 

3600 (2018). 

6. Based on Table 6.2 of DLWC (2002) where ECe <2 dS/m = non-saline, ECe of 2-4 dS/m = slightly 

saline, ECe of 4-8 dS/m = moderately saline, ECe of 8-16 dS/m = very saline and ECe of >16 S/m 

= highly saline. 

In accordance with AS3600 (2018, an exposure classification of ‘A1’ 

and ‘A2’ should be adopted for preliminary design of concrete footings 

founding above or below groundwater table, respectively.  In 

accordance with AS 2159 (2009), an exposure classification of ‘Mild’ 

should be adopted for preliminary design of concrete piles.  A soil 

aggressivity of ‘non-aggressive’ should be adopted for preliminary 

design of steel piles in accordance with AS 2159 (2009). 

Sub-surface materials at the site can generally be categorised as non-

saline.  No specific saline soil management strategies are likely to be 

required.  However, near surface marine sand in BH101 can be 

categorised as slightly-saline, therefore, further testing may need to be 

undertaken depending on the final development levels in this area, to 

delineate extent of potentially saline soils. 

5.2 Material Properties 

Material properties inferred from observations during borehole drilling, 

such as auger penetration resistance, CPT / DCP test results, and 

engineering judgement are summarised in Table 9. 

Table 9: Preliminary estimates of soil strength properties. 

Layer Yin-situ
 1 

(kN/m3) 

Ø’ 2 

(deg) 
E’ 3 (MPa) K0 

4 Ka 
4 Kp 

4 

FILL: Silty SAND (poorly compacted) 16 27 3 0.55 0.38 2.66 

MARINE: SAND (loose) 
16 (moist) 

18 (wet) 
28 6 0.53 0.36 2.77 

MARINE: SAND (medium dense) 
18 (moist) 

19 (wet) 
32 

15 (moist) 

8 (wet) 
0.47 0.31 3.26 

MARINE: SAND (dense to very dense) 20 (wet) 36 15 (wet) 0.41 0.26 3.85 

Notes: 

1. Material average in-situ unit weight, based on visual assessment. 

2. Average effective internal friction angle estimate assuming drained conditions. 

3. Average effective elastic modulus estimate. 

4. k0 = Coefficient of earth pressure at rest; ka = Coefficient of active earth pressure; kp = 

Coefficient of passive earth pressure. 
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5.3 Risk of Slope Instability 

No evidence of recent or former land instability was observed within the 

site and surrounding land during the site walkover survey.  The risk of 

potential slope instability, such as landslide or soil creep, is considered 

to be very low subject to the recommendations in this report and the 

adoption of relevant engineering standards and guidelines.  A detailed 

slope risk assessment in accordance with Australian Geomechanics 

Society’s Landslide Risk Management Guidelines (2007) was not 

undertaken as assessed to be not required. 

5.4 Geotechnical Constraints 

We consider the proposed development will likely be constrained by 

the following key geotechnical constraints: 

o Presence of uncontrolled fill and loose marine deposits, 

considered unsuitable as foundation material for shallow footings 

due to low bearing capacity and possible excessive total and 

differential settlement under working load. 

o Presence of shallow groundwater likely affects bearing capacity 

and may result in groundwater seepage and unstable ground 

during pile excavation. 
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6 Geotechnical Recommendations 

Geotechnical recommendations for site development are provided 

below. Further general geotechnical recommendations are provided in 

Attachment J. 

6.1 Proposed Footing Systems  

Based on ground conditions encountered during the investigations, 

variable loose and medium dense marine sand deposits are present up 

to a depth of approximately 5.0 mbgl.  Below this depth, ground 

conditions generally comprise medium dense, grading to dense with 

occasional thin loose layers up to approximately 0.75 m thick.  Bedrock 

was not encountered during drilling.   

6.1.1 Deep Foundations 

Suitable foundations for new structures (e.g. Buildings L & M) are likely to 

comprise deepened footings, such as non-displacement pile systems 

(e.g. bored cast in-situ concrete piles or continuous flight auger (CFA) 

concrete piles) embedded at least 1.0 m or 1.5 x pile diameters 

(whichever is greater) into at least dense sand.   

For bored cast in-situ concrete piles or CFA concrete piles, an allowable 

bearing capacity of 500 kPa may be adopted for piles founding in at 

least dense marine sand at a minimum depth of 6.5 mbgl.  An 

allowable skin friction of 3 kPa may be adopted for the medium dense 

and dense sand.  A lower bearing capacity of approximately 200 kPa 

may be adopted for shallower piles embedded in medium dense 

sands.  We recommend ignoring skin friction in the top 1 m of pile as 

well as in the fill and loose marine sands.    

For bored cast in-situ concrete piles, temporary steel casing should be 

provided to prevent collapsing marine sand into pile excavation. A 

tremmie pipe and casing would need to be used for concrete 

placement in bored cast in-situ piles installed in sandy soils and / or 

below the groundwater level.  Delays between excavation completion 

and concrete placement should be limited to prevent weakening of 

foundation material.  Bored pile excavation must consider possible 

material disturbance as a result of auger or cleaning bucket removal 

(suction impacts) and water pressures. Displacement piles (e.g. screw 

piles) may also be considered for lightly loaded structures.  Design 

length of screw pile will depend on the type of proprietary system 

adopted and the end bearing achieved for the applied screw pile 

torque. Driven piles are not considered appropriate given the risk to 
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onsite and neighbouring structures from vibration induced settlement of 

underlying soils 

All foundations are to be founded on consistent materials to minimise 

differential movements.   All foundations should be inspected by a 

geotechnical engineer to confirm encountered conditions satisfy 

design assumptions. 

6.1.2 Stiffened Raft Slab 

Consideration may also be given to a reinforced concrete raft slab.  A 

stiffened raft slab would distribute the applied load of the building over 

the soils underlying the slab. However structural loads can result in 

excessive settlements in loose sands from both immediate settlement 

and long term creep.  The estimated preliminary bearing capacities for 

a raft slab founded on the natural sand strata underlying the site is 

estimated to be in the order of 40 kPa, depending on tolerable 

settlement criteria. 

Bearing capacity and settlement characteristics can vary depending 

on actual raft foundation shape and dimensions.  Foundation analysis 

should therefore be carried out at detailed design stage to determine 

bearing capacity and the magnitude and distribution of settlement to 

assess the effectiveness of the raft.  Where settlements are found to be 

excessive, consideration may be given to adoption of settlement 

reducing piles which act in conjunction with the raft to create a 

potentially economical foundation solution for the support of the 

building loads. 

6.2 Excavations 

The proposed development does not involve any significant bulk 

excavations except for the OSD tank. 

Excavations must be temporarily and permanently battered back / 

supported / retained to maintain excavation stability and limit potential 

adverse impacts on surrounding structures or neighbouring properties. 

Unsupported excavations deeper than 1.0 m should be assessed by a 

geotechnical engineer for instability risk. 

Where there is sufficient setback to remain outside the zone of 

influence of adjacent structures / neighbouring properties, excavations 

in soils (above groundwater level) may be temporarily battered back 

at a gradient of 1V:2H.  It is assumed that temporary excavation batters 

would remain unsupported for no more than two months.  

Recommended batters are subject to inspection and approval by an 

experienced geotechnical engineer on site and should be followed by 
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construction of permanent retaining structures.  Maximum batter 

grades of 1V:3H should be adopted for longer term unsupported slopes. 

Where excavations (e.g.  OSD tank and south eastern edge of the 

carpark) are within the zone of influence of adjacent building, or where 

excavating below groundwater level, temporary structural support will 

be required to minimise impact of excavation on these structures.  The 

type of support will depend on depth of excavation, soil strength and 

potential for groundwater seepage into the excavation. 

Excavations up to 3.6 mAHD for the OSD tank is unlikely to intercept the 

design permanent groundwater level at 3.2 mAHD. However, 

considering limited clearance between the base of the OSD tank and 

design permanent groundwater level, we recommend minimising any 

over excavation for the OSD tank.      

6.3 Earthworks 

All earthworks should be carried out in accordance with AS3798 (2007), 

and should be inspected and approved by a qualified geotechnical 

engineer.  Site-won excavated marine sand may be re-used as 

structural fill, subject to removal of any unsuitable inclusions (i.e.  roots, 

organics, unsuitable building rubble and other deleterious materials).   

Where uncontrolled fill or loose sand is exposed at the subgrade level of 

pavements, floor slabs or services, the material should be removed and 

replaced with engineered fill, or engineering design should account for 

issues relating to differential settlement and low bearing capacities. 

6.4 Preliminary Pavement Assessment for Carpark 

6.4.1 Overview 

Preliminary flexible pavement thicknesses design for the proposed car 

park should be undertaken in accordance with Sutherland Shire 

Council’s pavement design guidelines and Austroads - Guide to 

Pavement Technology Part 2: Pavement Structural Design (Austroads, 

2017).   

6.4.2 Design CBR 

Test results returned CBR values of 17 % and 19 % for the fill materials.  

Considering the material type and condition, similar CBR value is 

expected for the marine sand subgrade.  Given the limited laboratory 

testing, a subgrade CBR of 10 % may be adopted for pavement design. 
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6.5 Preliminary Site Classification 

The site is classified as a class ‘P’ site in accordance with AS 2870 (2011) 

due to presence of uncontrolled fill and loose marine sand up to 4.8 

mbgl (CPT03 and CPT07). 

6.6 Drainage 

Appropriate surface drainage should be provided to divert overland 

flows and limit ponding near footings and foundations.   

All site discharges should be passed through a filter material prior to 

release.  Collected flows should be directed (where possible) to a 

suitable stormwater system so as to prevent water accumulating in 

areas surrounding footings and pavements. 
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7 Proposed Additional Works 

7.1 Works Prior to Detailed Design 

We recommend that review of the final design is carried out by a senior 

geotechnical engineer to confirm adequate consideration of the 

geotechnical risks and adoption of the recommendations provided in 

this report.  

7.2 Construction Monitoring and Inspection 

We recommend the following as summarised in Table 10 is inspected 

and monitored during construction of the project. 

Table 10: Recommended inspection / monitoring requirements during site works. 

Scope of Works Frequency/Duration Who to Complete 

Quality assurance (QA) of earthworks in 

accordance with AS3798 (2007). 

As required 2 during 

earthworks 
Builder / MA 1 

Proof rolling of exposed subgrade 

materials by a geotechnical engineer to 

verify suitability as subgrade for fill or 

pavement material placement 

As required 2 / prior to fill 

placement 
MA 1 

Inspect exposed material at foundation 

level to verify suitability as foundation / 

lateral support. 

Prior to reinforcement set-up 

and concrete placement 
MA 1 

Monitor sediment and erosion control 

structures to assess adequacy and for 

removal of built-up spoil. 

After rainfall events Builder 

Pile inspection to confirm required 

allowable bearing capacity if in rock. 

As required 2 during 

construction 
MA 1 

Notes: 

1. MA = Martens and Associates engineer. 

2. MA inspection frequency to be determined based on initial inspection findings in line with 

construction program. 
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9 Attachment A – Geotechnical Investigation Plan 
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10 Attachment B – Architectural Plans (FTA, 2022; FTA, 

2021a and 2021b) 
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11 Attachment C – Cut Fill Plans (Cardno, 2022) 
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12 Attachment D – Summary of Subsurface Conditions 

  



 

 

martens 
 

Supplementary Geotechnical Investigation: 

Cronulla High School, Captain Cook Drive, Cronulla, NSW 

P2108205JR03V01 - August 2022 

 Page 48 

 

13 Attachment E – Borehole Logs 
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14 Attachment F – CPT Logs 
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15 Attachment G – DCP ‘N’ Counts 
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16 Attachment H – sPOCAS Laboratory Test Results  
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17 Attachment I – Laboratory Test Certificates 
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18 Attachment J – General Geotechnical Recommendations 
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19 Attachment K – Notes About This Report 


